ABSTRACT WOLF, PAUL A. (The Dow Chemical Co., Midland, Mich.), AND W. H. RILEY. Fungistatic performance of 10, 10'-oxybisphenoxarsine in exterior latex and asphalt coatings. Appl. Microbiol. 13:28-33. 1965.-10, 10'-Oxybisphenoxarsine has been found to be outstanding in its activity against bacteria and fungi. Parallel tests with known fungistats for comparison (2,3,4,6-tetrachlorophenol and phenylmercuric acetate) have demonstrated its superior activity and persistence in an exterior acrylate paint film and in an asphalt coating. In view of its superior antimicrobial activity and its persistence, it can be used in applications in which there is no danger of its ingestion. Further field trials are in progress to evaluate 10, 10'-oxybisphenoxarsine in paint, asphalt, wood, and in marine pilings.
1
The first compound of this type was described by Lewis, Lowry, and Bergeim (1921) . These authors published an improved method of making 10-chlorophenoxarsiLe and credited William Pope with an original description at an earlier unspecified date. 10, 10'-Oxybisphenoxarsine is easily prepared from the parent compound.
Since that time, only a few references to the phenoxarsines have appeared in the literature (Roberts and Turner, 1925; Turner and Sheppard, 1925; Blicke and Oakdale, 1932; Razuvaev and Koton, 1932; Razuvaev and Malinovskii, 1925; Mole and Turner, 1939) . These were mainlv concerned with the organic chemistry of various derivatives.
It was not until 1956 (Urbschat and Schrader, 1956 ) that pesticidal activity was mentioned as a property, and Mel'nikov et al. (1960) claimed the use of certain phe:Loxarsires as seed disirfectants.
During the past 2 years, Dunbar and Strycker have synthesized new phenoxarsines involving addition of nucleophilic groups at the number ten position. The antimicrobial activity of these compounds has been disclosed in the series of patents issued during this period (Dunbar, 1962a (Dunbar, , b, 1963 Strycker and Dunbar, 1962; Strycker, 1963 Strycker, , 1964a .
We have carried out laboratory studies, and in some cases additional field evaluation tests, to determine the relative usefulness of representative derivatives of these phenoxarsines as preservatives. One compound, 10, 10'-oxybisphenoxar- Rhizopus nigricans 1 50 5 * The pH of the bacterial media was 7.0 to 7.2 and that of the fungal media was 5.0 to 5.5.
dations of the manufacturer. The primer was modified (0.47 liter of linseed oil per 3.79 liters of paint) according to the directions of the manufacturer, but the topcoat was an unmodified latex system. Both the primer and topcoat contained the phenoxarsine. Either the methyl ether of propylene glycol or dimethylformamide was used as a solvent in formulating the fungistat. The test concentration was based upon the total wet weight of the paint formulation.
Small panels (5.1 X 12.7 X 0.6 cm) of Southern yellow pine were used for indoor tropical chamber exposures. Larger panels (15.2 X 91.5 cm siding) were used at our field exposure site (Lake Jackson, Tex. Weathering tests in paint films. An Atlas weatherometer, Type BWM-C, was used to simulate weathering. Samples for the weather-ometer were prepared by painting filter paper strips, which were dried and attached to small wooden panels for support. One complete weathering cycle required 20 min and included both exposure to a water spray (5% of cycle) and ultraviolet radiation from a carbon arc (95% of cycle) to simulate rigorous outdoor weathering. The duration of exposure was recorded as the total number of hours. After exposure, the paint films were tested for mildew resistance by the method described in Federal Specification Weathering tests in asphalt samples. Ten replicate asphalt strips were exposed at each concentration in the Atlas weather-ometer under the same conditions as used with the paint panels. Samples were removed at various times and tested for inhibitory activity against the fungal cultures in the manner previously described. RESUILTS Inhibitory tests in culture medium showed that 10, 10'-oxybisphenoxarsine prevented the growth of both bacteria and fungi at less than 10 ppm. To assess the significance of this observation, the minimal inhibitory concentration of 10,10'-oxybisphenoxarsine required to prevent the growth of related bacteria and fungi was compared to that required of 2,3,4, 6-tetrachlorophenol and phenylmercuric acetate (Table 1) .
These results show that the inhibitory action of 10, 10'-oxybisphenoxarsine in culture medium is equal to that of phenylmercuric acetate and is superior to that of 2,3,4, 6-tetrachlorophenol.
Tropical chamber exposures. The physical properties (low water solubility, high melting point, and low vapor pressure) of 10, 10'-oxybisphenoxarsine, in addition to its biological activity, prompted us to evaluate its effectiveness as a paint film preservative. The results of fungistatic tests of 10, 10'-oxybisphenoxarsine, tetrachlorophenol, and phenylmercuric acetate in an acrylate latex paint film exposed in the tropical chamber are summarized in Table 2 . Although the nutrient agar tests indicated an equivalence between activities of phenylmercuric acetate and 10,10'-oxybisphenoxarsine, the tropical chamber exposures show the phenoxarsine to be superior.
Retention in film. Preliminary tests with 10,10'-oxybisphenoxarsine in an acrylate paint film indicate that it is quite resistant to weathering. Treated paint films have been exposed for as much as 100 hr in the weather-ometer, without causing any difference in the size of the zone of inhibition obtained when control and exposed paint films are placed on inoculated agar media. Aspergillus niger and Pullularia pullulans were used as test fungi. This retention is probably a major factor contributing to the superiority of 10, 10'-oxybisphenoxarsine over phenylmercuric acetate.
Field exposure. Tropical chamber exposures can be treated only as preliminary and must be VOL. 13, 1965 FUNGISTATIC PERFORMANCE OF 10,10'-OXYBISPHENOXARSINE followed by field studies to determine the value of a promising fungistat. The fungal species (Aspergillus and Peniillium) that thrive in our tropical chamber may or may not be a factor in outdoor tests. Penillium, in particular, may be misleading in tropical chamber exposures when mercurials are tested. Studies of stored paper pulp showed that the latter fungi were relatively resistant to the mercurials tested (Freyschuss, 1956) .
Pullularia pullulans is the major cause of paint disfiguration at our outdoor exposure site. Reynolds (1950) reported that this genus has the ability to withstand desiccation and exposure to ultraviolet light.
One substrate only, Southern yellow pine, was used in our initial observations, but this choice was based upon the results of previous experience. This type of wood has been more susceptible to mildew attack than any other species we have tested. The high percentage of sapwood in the second-growth Southern yellow pine presently sold makes it particularly difficult to protect. On the other hand, redwood is relatively resistant to mildew attack, since it contains a considerable proportion of heartwood and naturally occurring tannins that are fungistatic (Institute of Paper Chemistry, 1945) .
Field tests which are continuing (Table 3) Fungistatic activity in asphalt. Combination asphalt-cellulose material, i.e., roofing, is subject to disfiguration and deterioration as a result of fungal attack. The activity of 10,10'-oxybisphenoxarsine in an asphalt-cellulose system was compared with that of tetrachlorophenol and phenylmercuric acetate (Table 4 ). The phenoxarsine was more effective than either the phenol or the mercurial in preventing fungal growth even at a 0.1% concentration.
The resistance of 10, 10'-oxybisphenoxarsine in an asphalt-cellulose system to simulated weathering (Table 5 ) was superior to that of tetrachlorophenol. Even at 0.1 %O concentration, the phenoxarsine was still effective after 734 hr of weathering exposure, whereas the phenol at 10 times the concentration was no longer effective.
Toxicological properties. Since the phenoxarsine contains arsenic, and minute amounts of dust from it may cause nasal irritation and sneezing, we obtained toxicological information before extensive laboratory work was started. Table 6 summarizes pertinent toxicological properties of 10,10'-oxybisphenoxarsine. Phenylmercuric acetate is included for comparison.
In handling 10,10'-oxybisphenoxarsine, appropriate precautions must be taken to prevent ingestion, eye contact, skin contact, and inhalation, especially of particulates. In addition to the work on the 10,10'-oxybisphenoxarsine itself, a preliminary toxicological evaluation has been conducted on one sample of an acrylic latex paint preparation containing approximately 0.5% of the phenoxarsine. The oral LD5o for rats of this preparation was greater than 5.0 g/kg. The skin absorption LD50 for rabbits was greater than 2.0 g/kg when the material was applied to either the intact or abraded skin for 24 hr. The preparation was appreciably irritating and injurious to the eyes and skin of rabbits. DIscusSION
The results of this work show that 10, 10'-oxy-* Acrylate paint on Southern yellow pine. In view of these properties, our developmental work will be limited to applications in which health problems can be avoided or controlled.
This work will include further field testing of various types of exterior latex paints applied on a variety of substrates. Further evaluation of treated asphalt products will be initiated along with continued tests of wood and wood products.
